###### What are the new findings?

-   Tennis serve performance decreases near ovulation in elite tennis players.

-   Menstruation period does not appear to lower tennis serve performance in elite tennis players.

-   Increasing dehydroepiandrosterone sulfate level does not improve the serve performance of elite tennis players.

###### How might it impact on clinical practice in the near future?

Intervention to prevent menstruation bleeding during competition may not be necessary for tennis players.

Introduction {#s1}
============

Some world-class tennis players have attributed losses to compromised tennis skills during menses.[@R1] Among marathon runners, \~30%--50% reported that their menstrual cycle seemed to negatively impact training and performance.[@R2] However, athletes from other sports disciplines have reported no perceived change in performance (62%) during menses, with 71% of the athletes feeling better during the first 14 days and feeling worst just before menses itself.[@R3] Surprisingly, assessments on sports performance during the entire menstrual cycle among female athletes of various competition levels are currently unavailable.

The days at or around ovulation are generally considered the most accommodating and relaxed of the menstrual cycle for young women. The endurance performance of both trained and untrained women does not seem to be affected during these days.[@R4] A study on 10 healthy young women reported an increased fatigability and slower relaxation time during the ovulation period.[@R5] Similarly, another well-controlled study on eight regularly menstruating women reported the lowest stretch reflex response of hip muscles around ovulation.[@R6] Whether tennis serve performance fluctuates during the menstrual cycle has not been assessed.

Plasma dehydroepiandrosterone sulfate (DHEA-S) level has been found to associate with adaptability against physical training in senior women.[@R7] DHEA-S releasing capacity is correlated with adaptation to high-stress conditions of young women.[@R8] However, to the best of our knowledge, data from intervention studies during menstrual cycles have not been previously reported to confirm the causal relationship between DHEA-S and sports performance. In this study, we hypothesised that changes of plasma DHEA-S influence tennis serve performance during natural menstrual cycles.

Methods {#s2}
=======

Subjects {#s2a}
--------

Written inform consent was received from all participants after detailed explanation of the study protocol. Participants were Division 1 collegiate female tennis players in Taiwan. Exclusion criteria were a menstrual cycle outside the range of 28±1 day, a history of musculoskeletal or orthopaedic injury, smokers and contraceptive users within the most recent month. A total of 14 female tennis players were initially enrolled in the study, of whom 10 players (aged 18--23 years, body mass 55.8±1.2 kg, height 162.0±1.4 cm) completed the study. Four participants dropped out due to scheduling conflicts. Training activity was temporarily stopped 1 day before performance assessments.

Experimental protocol {#s2b}
---------------------

All assessments (performance-related measures, mood state and DHEA-S) were conducted for two complete menstrual cycles under placebo-supplemented and DHEA-supplemented conditions in a counter-balanced, double-blind, placebo-controlled and crossover manner. A washout time of 28 days separated the two study cycles. For each cycle, assessments started within 24 hours after the onset of menstruating bleeding (day 0/28) and were tracked weekly thereafter (days 7, 14 and 21). All participants consumed either DHEA (25 mg daily, Sigma, St Louis, Missouri, USA) or placebo capsule (white starch) provided by the experimenter daily for 4 weeks starting on the first day of menses. Participants received their assigned capsules under the supervision of research staff. On each data collection day, participants reported to the laboratory at 14:00 for measurements of mood state, plasma DHEA-S, subjective fatigue, sleep, muscle strength and serve performance. Plasma samples were collected after lunch at 14:00 to avoid diurnal variation.[@R9] Red blood cell count of participants was measured using a haematology analyser (Sysmex, Lincolnshire, Illinois, USA) to monitor anaemia status during the menstruating period.

Profile of Mood State {#s2c}
---------------------

A 37-item short form of the Profile of Mood State (POMS) inventory[@R10] was used to assess mood state (modified from the original 65-item questionnaire[@R11]). The six dimensions (anger, fatigue, depression, tension, confusion and vigour) scores are combined to create a total mood disturbance (TMD) score using the formula: A+F+D+T+C−V+100. Lower scores indicate better emotional well-being. All participants completed the POMS inventory in less than 7 min. The POMS TMD score was compared with sleep quality, another strong predictor for depression and mood,[@R12] using the Pittsburgh Sleep Quality Index (PSQI) (where higher scores indicate better sleep quality). The correlation coefficient between PSQI and TMD was −0.59 (P\<0.001).

Plasma DHEA-S {#s2d}
-------------

Fingertip blood samples were collected into precooled Eppendorf tubes. Blood was centrifuged immediately after plasma collection and stored frozen at −80°C until analysis. DHEA-S concentration was measured on an ELISA spectrophotometer, using commercially available ELISA Kit (Immuno-Biological Laboratories, USA) in accordance with the manufacturer's instruction.[@R13]

Balance assessment {#s2e}
------------------

A force plate (4060-NC-2000, Bertec, Columbus, Ohio, USA) was used to measure balance ability. Sway ranges of the centre of pressure (COP) in both medial-lateral (COPx) and anterior-posterior direction (COPz) were derived from the force plate data. The sway velocity of the COP (cm/s) was calculated using total sway distance divided by the standing duration. The sampling frequency was set at 100 Hz. Each participant performed three closed-eye balance tests. Each balance test lasted for 10 s, and the participant was stood on the force plate with their dominant leg. The mean values calculated from the three trials of each balance test were used for data analysis.

Muscle strength {#s2f}
---------------

Muscle strength in the dominant leg was assessed using Biodex isokinetic dynamometer (Biodex, New York, USA). Three maximum isometric contractions were performed using knee extension, hip abduction and hip adduction. Each contraction lasted 5 s with a 10 s rest between measurements. Practice/warm-up trials were provided for all participants. Each participant was instructed to perform a maximum effort on each contraction during the testing. The average value of the three trials in each muscle group strength test was normalised by body weight for data analysis.

Tennis serve performance {#s2g}
------------------------

Serve performance was determined by both accuracy and velocity ([figure 1A](#F1){ref-type="fig"}). Accuracy was assessed using targets scoring 1 or 3 points. Velocity (mph) of served balls was detected by speed radar device (Bushnell, USA). Before the experiment, a standardised familiarisation of 20 repetitions with 30 s rest was provided each testing day. After 1 min of quiet rest, subjects then performed 20 scored repetitions with 30 s rest intervals. The 20-repetition-score mean 'performance' values were generated using average serve velocity×average accuracy score of each serve. Test--retest reliability of the performance test was 0.71 (P=0.003).

![Tennis serve performance fluctuates during menstrual cycles. Serve performance score refers to the mean product of velocity and accuracy from 20 serves. Ball velocity was measured by radar, and accuracy was based on the landing site on the ground in a standard tennis court as illustrated (A). Tennis serve performance decreased on day 14 (main effect of time: P=0.01 vs day 21 and P=0.06 vs day 0/28) (B). Both dehydroepiandrosterone (DHEA) and placebo trials showed a similar trend (C). †Significant difference against day 0/28; \#significant difference against day 21.](bmjsem-2017-000305f01){#F1}

Statistical analysis {#s2h}
--------------------

The Wilcoxon signed-rank test with repeated measures was used to determine the significant difference of all variables among four measuring time points during a complete menstrual cycle. Mann-Whitney U test was used to determine the mean difference of all measures between the DHEA-supplemented and placebo-supplemented trials. Statistical significance was set at P\<0.05 for all analyses. All values are expressed as mean±SE.

Results {#s3}
=======

Oral DHEA supplementation resulted in \~65% higher plasma DHEA-S levels across the entire menstrual cycle (main effect: P\<0.05) ([table 1](#T1){ref-type="table"}). [Figure 1](#F1){ref-type="fig"} illustrates the scoring method for tennis serve performance. Increased plasma DHEA-S was not associated with performance scores throughout the menstrual cycle. When data of both trials were combined, the lowest performance score occurred on day 14 compared against day 21 (main effect: P=0.01) and day 0/28 (main effect: P=0.06) ([figure 1B](#F1){ref-type="fig"}). The data from the separate trials showed a similar trend ([figure 1C](#F1){ref-type="fig"}). The performance decrement on day 14 was attributed by decreased accuracy ([figure 2A,B](#F2){ref-type="fig"}) rather than decreased velocity ([figure 2C,D](#F2){ref-type="fig"}).

###### 

Plasma dehydroepiandrosterone sulfate (DHEA-S) and red blood cell (RBC) levels during dehydroepiandrosterone (DHEA)-supplemented trial

                       Trials     Day 0/28   Day 7      Day 14     Day 21
  -------------------- ---------- ---------- ---------- ---------- ----------
  DHEA-S (μg/mL)       Placebo    0.9±0.2    0.9±0.1    0.8±0.1    0.9±0.1
  DHEA                 1.5±0.3    1.6±0.3    1.4±0.2    1.5±0.3    
  P                    \<0.05     \<0.01     \<0.01     \<0.01     
  RBC (×10^6^/μg)      Placebo    3.6±0.1    3.9±0.1    3.7±0.2    3.5±0.2
  DHEA                 3.8±0.1    3.8±0.2    3.9±0.1    3.6±0.1    
  P                    \<0.01     NS         NS         NS         
  Haemoglobin (g/dL)   Placebo    11.0±0.2   11.6±0.4   10.5±0.9   10.3±0.8
  DHEA                 11.5±0.3   11.7±0.4   11.5±0.7   11.0±0.3   
  P                    NS         NS         NS         NS         

![Accuracy and velocity components of tennis serve performance during menstrual cycles. Mean accuracy decreased on day 14 (A), and both placebo and dehydroepiandrosterone (DHEA) trials showed similar trend (B). Mean velocity was unaltered during the menstrual cycles (C), and both placebo and DHEA trials showed similar trend (D). †Significant difference against day 0/28; \#significant difference against day 21.](bmjsem-2017-000305f02){#F2}

In the placebo trial, the isometric muscle strength of hip abductors and adductors ([figure 3A](#F3){ref-type="fig"}), but not knee extensors (data not shown), decreased on day 14 (P=0.08 vs day 0/28), but this was not statistically significant. No muscle strength changes were observed in the DHEA-supplemented trial. Postural balance ability (closed-eye sway ranges of COPx) of tennis players decreased marginally on day 7 (vs day 0/28, P=0.08) and day 14 (vs day 21, P=0.07) when data from both trials were combined ([figure 3B](#F3){ref-type="fig"}).

![Hip isometric muscle strength and postural instability (sway ranges of the centre of pressure in medial-lateral direction) fluctuate moderately during menstrual cycles. The main effect of time on hip strength during abduction (A) was moderately decreased (P=0.08) and postural instability (B) was moderately increased (P=0.07).](bmjsem-2017-000305f03){#F3}

A small inverse correlation (r=0.31, P=0.003) was found between tennis serve performance and the postural instability measure of balance when all trial and time point data were pooled ([figure 4A](#F4){ref-type="fig"}). The TMD score of POMS and serve performance were not correlated, when both DHEA-supplemented and placebo-supplemented trials were pooled ([figure 4B](#F4){ref-type="fig"}).

![Tennis serve performance moderately correlates with open-eye postural instability among tennis players (A) and not with mood state of female tennis players (B). All time data of elite tennis players were pooled together. Postural instability was measured on a force plate (open-eye sway ranges of the centre of pressure in medial-lateral direction). Mood state was self-reported by total mood disturbance score using the Profile of Mood State.](bmjsem-2017-000305f04){#F4}

Discussion {#s4}
==========

The menstrual cycle can cause psychological and physical changes in female athletes, which may in turn affect their sports performance.[@R1] In the current study, serve performance of elite female tennis players was measured during two complete menstrual cycles. The major finding of the study was that tennis serve performance was significantly lower on day 14, near ovulation, and this was not associated with plasma DHEA-S level. The decreased serve performance was associated with reduced accuracy, but not serve velocity.

No significant difference in knee muscle strength across the entire menstrual cycle was found, which is consistent with previous finding in non-athletes.[@R14] Like previous reports, our placebo hip strength data may be related to an increased fatigability and slower relaxation[@R5] and the decreased stretch reflex response of hip muscles around ovulation in normally menstruating women.[@R6] Taken together, the decreased hip muscle strength with increased postural instability may have contributed, in part, to the decreased tennis serve performance around ovulation. Whether this site-specific change in hip muscle function during ovulation affects task performance to other sport movements or other movements in tennis deserves more investigation.

Mood may affect sports performance for menstruating women,[@R15] but the performance and mood data from the current study do not support this theory. Precompetition POMS findings from a study on adolescent basketball players from the UK describe interindividual variation in mood-to-performance relationship among players.[@R16] The putative effects of menses could be different for performance of specific sport movements, competition outlook and in sports with different numbers of participating team-mates. For example, one's individual movement performance may not be affected, but their mood state could affect their performance within the team. The limited number of athletes and disciplines studied to date limits generalised conclusions on whether mood state is a good predictor of performance among athletes.

Available literature on plasma DHEA-S changes across the menstrual cycle is currently lacking. In this study, we did not observe a noticeable DHEA-S fluctuation during both placebo-supplemented or DHEA-supplemented trials. Furthermore, the causal relationship between plasma DHEA-S and sports performance of elite tennis players was not confirmed in the study. Plasma DHEA-S level is known to correlate significantly with age,[@R17] mental health,[@R18] physical fitness[@R13] and adaptation.[@R7] Our lack of findings may be due, in part, to our athletes being members of a highly selective group of a young population endowed with outstanding adaptability and physical fitness. Based on the current findings, coaches and athletes should be advised that supplementing DHEA-S in young tennis players does not provide additional benefit and appears to be deleterious to their balance ability during the early phase of menstruation.

It has been previously reported that the ovarian contribution of peripheral DHEA-S is highest around ovulation in women.[@R21] Since plasma DHEA-S level is determined by a net rate of production and clearance of circulating DHEA-S in the body, the observed result on plasma DHEA-S level suggests that DHEA-S clearance rate from blood may have been increased around ovulation in our subjects. DHEA-S plays an important role in fertility among women, evidenced by an increased spontaneous pregnancy rate under oral DHEA supplementation.[@R22] It would be of interest to examine whether DHEA-S demand increases by hip tissues (bone marrow or muscles) during ovulation for pregnancy.

The major limitation of the study is the small number of highly trained Division 1 tennis players in Taiwan. To generalise the knowledge of performance decrement around ovulation from the present data to a broader population of tennis players, various training levels and ages should be evaluated. Another constraint of the study is the use of low-dose DHEA supplementation to increase DHEA-S level. The age level of the participants is young and thus DHEA-S deficiency is less likely an issue. Furthermore, tennis serve performance is partly linked with balance ability and hip muscle strength involving postural control at very high intensities. Our findings using this specific sport movement may not be applicable to other aspects of the tennis game or other sports disciplines.

Conclusion {#s5}
==========

The results of the study demonstrated a poorer tennis serve performance around ovulation in normally menstruating collegiate tennis players, relative to day 0/28 (menstruation) and day 21 (premenstrual period). This performance decrement is mostly explained by decreased accuracy and moderately associated with decreased balance control of posture and hip muscle strength. Increasing DHEA-S level does not affect the serve performance of young competitive collegiate tennis players. Our data suggest that ovulation may tax the coping capacity of female athletes when performing the tennis serve. Overall the findings of the study are useful for coaches who train female tennis players. They could also provide useful information for the planning of training and competition. The plausible effects of increased postural instability on serve accuracy warrant further investigation.
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